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To examine the sensitivity of vitiligo melanocytes to 
external oxidative stress, we studied enzy1natic and 
non- enzymatic anti-oxidants in cultured melano-
cytes of normal subjects (n = 20) and melanocytes 
from apparently normal skin of vitiligo patients (n = 
10). The activity ofsuperoxide dismutase and catalase 
and the intracellular concentrations of vitamin E and 
ubiquinone were evaluated in cultures at the fourth 
or fifth passage. In addition, cells were exposed to 
various concentrations of a peroxidizing agent, 
cumene hydroperoxide (CUH, 0.66-20 ~-tM), for 1 and 
24 h. Compared to normal melanocytes, vitiligo me-
lanocytes showed normal superoxide distnutase and 
significantly lower catalase activities and higher vi-
tamin E and lower ubiquinone levels. At the concen-
tration used, CUH did not significantly affect cell 
number or viability of melanocytes after either pe-
T he pathogenic mechanisms in vitiligo, ;m acquired depigmenting disorder that affects o.s-so;., of the world population , have not been completely clari-fi ed, although importa nt clues bave been fo und in recent yea.rs (Nordlund and Ortonne, 1992). Several 
reports have suggested a specific melanocyte defect, because rne-
lanocytes in the depigmented areas can be absent or functionally 
inactive and in normally appem;ng skin can present morphologic 
and biologic alte ration s and lower expression of the c-I<it mem-
brane receptor (Nordlund and Ortonne, 1992; Norris el a/, 1996) . 
/11 11itro, vitiligo melanocytes (VMs) grow more slowly than normal 
melanocytes (NMs), are more dependent on the presence of 
external catalase (Puri el a/, 1987; M ed.rano and Nordlund, 1990; 
Boissy ct al, 1991), and present stwctural aberrations in rough 
endoplasmic reticulum (Boissy e/. a/, 1991). Recently, however, 
some data have suggested the involvement of the entire epidermis 
in the disease . 
Damaged keratinocytes and functionally altered Langerhans ce ll s 
have been described in depigmented areas (Nprdlund and Orton.ne, 
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riod of culture. On the contrary, vitiligo melanocytes 
were susceptible to the toxic effect of CUH after 24 h 
of continuous treatment at concentrations greater 
than 6.6 ~-tM. The degree of CUH toxicity correlated 
strictly with the anti-oxidant pattern, defined as the 
ratio between vitamin E concentration and catalase 
activity, suggesting that the alteration in the anti-
oxidants was the basis for sensitivity to the external 
oxidative stress. Our results demonstrate the pres-
ence of an imbalance in the anti-oxidant system in 
vitiligo melanocytes and provide further support for 
a free radical-mediated damage as an initial patho-
genic event in melanocyte degeneration in vitiligo. 
Key words: free radicals/superoxide disnwtase/catalaselvita-
min El~tbiq~tinoneloxidative stress. J Itwest Dam.a.tCJI 109: 
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1992), and a defect in calcium uptake and in the th.ioredoxine/ 
th.ioredoxi.ne reductase system has been reported in keratinocytes 
(Schall.reuter et al, 1986; Schalb·euter and Pitte lkow, 1988). Defec-
tive recycling of tetrahydrobiopterin in the phenylalanine hydrox-
ylase reaction in epidermis has been proposed as a possible patho-
genic factor of the disease (Schallreuter eta/, 1994b, 1.994c) . This 
m eta bolic impai rment cou ld lead to an accumulation of hydrogen 
peroxide in melanocytes and the consequent oxidation of (6R)-
5,6, 7 ,8-tetrahydrobiopterin, the essential cofactor for phenylala-
nine hydroxylation, to 6-biopterin, which is toxic for human 
melanocytes (Schallreuter eta/, 1994a, 1994b, 1994c) . In keratino-
cytes, increased synthesis of (6lt)-5 ,6, 7 ,8-tetrabydrobiopterin stim-
ulates the catecholamine biosynthetic pathway (Schallreuter el a/ , 
1994b, 1994c), which indu ces monoamine oxidase activ ity {Schall-
reuter et a/, 1.996) . The generation of hydrogen pemxide as 
byproducts could be responsible for the alteration of cata lase 
activ ity in the epidermis and for melanocyte damage (Schallreuter et 
a/, 1991., 1996). Moreover, in patients with vitiligo, the plasma 
level of norepinephrine and the urinary concentrations of catecho l-
amine catabolites homovanill.ic acid and vanil mandeli c acid are 
signitlcantly increased, independent on tl1e type of the manifesta-
tions but related to the onset and active phase of the disease 
(Morrone et al, 1992; Schallreuter ct a/, 1994c), indicating that 
increased catecholamine release, directly or indirectly, could play a 
role in depigmentation (Morrone el a/, 1992) . T hese data suggest 
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that the generatio n of oxidative stress in the skin cou ld be the basis 
for the disease . 
0:-..'idative stress can be defined as any deran gement between 
pro-oxidants and an ti- oxidants in w hich pro-oxidants prevail (Hal-
liwell and Gutteridge, 1.989). We have studied the anti-oxidant 
enzyme activ iti es superoxide dismutase (SOD) and catalase (CAT), 
and the intracellular levels of the lipophilic anti-oxidants vitamin E 
and ubiquin one in cul tured NMs (n = 20) and m elanocytes from 
apparently no rmal skin ofvitiligo patients (n = 10). Moreover, we 
correlated sensitivity to the cytotoxic effects of a peroxidizing 
agent, CUH, with the anti- oxidant pattern. 
MATERIALS AND METHODS 
Pyroga llo l, hydrogen peroxide, ubiquino ne 1 0, and phorbol esters were 
from Sigma (St. Louis. MO). Ham' s F.l 0 medium. feta l bovine serum (FBS). 
and antibiotics were provided by GIBCO (Paisle y, Scotland, United King-
dom). Buth ylated hydroxyto luene, tricosa n oic acid (C23:0), N ,O-bis-
(trimethyl silyl)trifluoroacetamide, trimeth ylchlorsi lane, sodium mcthoxide, 
and other reagents and solvents were fi·om Merck AG (Darmstad, Germany) 
at the highest puri ty grade. 
Patients In 10 subjects afFected w ith vitiligo in the active phase (7 males 
and 3 fe m ale; median age, 34 y; range, 25-48 y; 3 foca l, 2 acrof:Jcia l, 4 
diffuse, 1 gen eraLized), after informed consent, 2- cm biopsies were taken in 
normal appearing areas (genera lly lower back). Normal human skin was 
obtained fi:om 20 subjects undergoing plastic surgery age and were sex-
matched with pa tients (13 males and 7 fema les; median age, 36 y: range, 
27-50 y). 
Cell Cultures Epidermis was separated from dermis by incubation of 
biopsies with trypsin/ethylenediam ine tetraacetic acid at 37°C for l h. 
Ep idermal ce Ll s were isolated after m echanical and enzymatic dissection and 
cul tured in Ham's FlO medium with l 0°/., FBS. 5000 international ut~its 
penicillin and 5000 f.Lg streptomycin per ml, an d phorbol 12-myristate-1 3-
acetate (16 nM). T h e purity of th e cultures was checked by optica l and 
electron microscopic examinations. Subconflucnt cultures at the fourth o r 
fifth passage were used (PicaJ:do ct a!, 1996). T he batch ofFBS was ana lyzed 
for the fatty acid pattern and the vitamin E level and was the same for the 
full experimen tal period. Cell s from th ree ditl:c rent flasks (25 cm 2) we re 
extensive ly washed in phospha te buffer, harvested with a rubber policeman, 
centrifuged at 400 X g for 5 min , and counted with trypan blue before 
ana lysis. 
Vitamin E Analysis Cell s (4 X 10'' ce ll s) were extracted three ti m es in 
hexane:ethanol , 3:1, with 1% sodium dodecyl sul fate and 50 ng of 
(+)- y- tocophero l and 50 ng of ( +)-15-tocopherol were added in each 
sample as interna l standards before extraction. T he extract was treated with 
25 f.LI of dry pyridine and then directly silylated with 25 f.LI of N,O-bis-
(tri.methylsilyl)trifluoroacetamide containing 1 'X, trimethylchlorsilane as cat-
alyst. Tocopherols were analyzed by gas chromatography mass spectrome-
try with an Ultra 2 colu m n (30 m X 0.20 f.Lm in terna l diameter, 0.25 mm , 
Hewlett Packard, C upertino, CA) by a selected ion(s) monitoring tech-
nique . T he ions se lected were 237, 277, and 502 for a.-tocopherol; 223, 263, 
and 488 for y- tocop hero l; and 209, 249, 474 for 15-tocopherols (Picardo ct 
a/, 1996). Ana lyses w ere repeated twice in each extract with a difference less 
than 5%. H..esults are reported as mean of two determ inations fi·om two 
different experiments and expressed as nanograms per .1 0'' ce ll s. 
Ubiquinone Analysis Cell s (4 X 10r. ce ll s) were extracted in hexane: 
methanol, 3:1, in the presen ce of tocop herol succinate as an interna l 
standard (50 ng) and the so lvents were evaporated to dryness unde r a 
nitrogen stream. Ubiquino l 10 and ubiqu inone 10 were analyzed b)' 
high-performance liquid chromatography (1 090 HP) on reversed-phase 
column (R.P18, 5 f.Lm, 25 em) using a gradient of methanol:isopropanol 
from 90:10 to 50:50 in 25 min at a rate of 1 mil min. UV detection was 
performed at 280 nm and 220 tull . To better q uan tify the tota l amount of 
this anti- o>..-idant, each san1ple was analyzed ~vi ce, inltnedjately after the 
extraction and after complete oxidation with benzoquinone (0.1 mM). T h e 
difference in the detection of ubiquinone gave the conce ntration of the 
reduced form (ubiquinol). Results are reported as mean of two determina-
tions from two different experiments of total ubiquinone (reduced and 
oxid ized) detected in each sample and expressed as nanograms per 1 or. cell s. 
Enzyme Activities Melanocytes (4 X 106 cell s) were sonicated in 
sodium phosphate buffer (50 mM , pH 7 .2) and centrifuged at 10 ,000 X g for 
10 min at 4°C. SOD activity w as eva luated by spectrophotometer as 
inhibition of pyroga llo l autooxidation according to Roth and Gilbert 
(1987), and CAT activ ity was determined by the disappearance of hydrogen 
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Figure 1. CAT activity is significantly lower in VMs titan in NMs. 
NMs (n = 20) and VMs (n = l 0) at the fourth or fift h passage were 
co llected, sonicated in phosphate-bu ffered sa line, and SOD and CAT 
activ ities were eva luated by spec trophotomete r. Emll' bar.<, SO. *p < 0.00"1. 
peroxide (Claiborne, 1985). Standa rd curves w ere o btained by using 
purified human SOD and bovine CAT at difl:crent concentrations (1, 2, 5 , 
and 10 units per ml). One unit of CAT is defined as the amo unt tha t 
degrades 1 f.LM H 2 0 2 pe r min at 25°C, and one unit SOD is defmed as the 
amount of enzyme tl1at induces 50'Yo inhibition of pyroga llo l oxidation (0.2 
mM) at 25°C. At least two determinations were performed on each 
supernatant and experiments were repeated tw ice. Results arc reported as 
mean of two different determination performed in each sample and ex-
pressed as units per 1 o'· cells. 
SOD and CAT activities were also eva luated in the same patients' 
e rythrocytes and in a group of 30 con trols and expressed as units per g of 
hemoglobin or units per mg of hemoglobin, respective ly. 
Peroxidative Treattnent CUH was di ssolved in ethanol at ·1 0 mM , and 
subsequent di lu tions were in culture medium. NMs and VMs were plated in 
24-well plates at a density of 'I 05 cell s per well and treated w itl1 con cen-
trations of 0.66 J.LM, 6.6 f.LM, or 20 f.LM for I h or 24 h in medium without 
FBS. Cell number and viabil ity was eva luated by the trypan blue exclusion 
test immediately afterword and afte r a subsequent 24-h culture in complete 
medium. Results are reported as the m ean :±: SO of ce ll viabil ity in three 
experitnents in tripli ca te. 
Statistical Analysis Statistical signifi cance was determined by Student' s 
t test. 
RESULTS 
Vitiligo Melanocytes Show an Alteration of the Anti-Oxi-
dant Pattern. T he ce l.l g rowth rate was different in the cell 
cultures analyzed. To avoid in terference due to th e experimental 
procedures, we studied subconfluent cultures at the fourth m· fifth 
passage gro,vn in a tnediun1 containing the san1e batch of FBS, so 
that the supplies of externa l fatty acids, vitamin E (1.2 p.,g per n1.l) , 
and essentia.l elements were the sam e in all the cultures . 
ln cultures ofNMs, the mean SOD activity was 0.39 :':: 0.20 unit 
per 106 cells (range, 0.25- 0.55), the m ean catalase activity was 
0.87 :':: 0.25 unit p er 106 cells (range, 0.45-1.4) , and the ratio of 
units of SOD to w1its of CAT was 0.45 (Fig 1). These results are 
not significantly different fi·om th ose previously reported (Yohn et 
a/, 1991; Picardo et a/, 1996) . In contrast, in VMs, the m ean SOD 
activity was 0.44 :±: 0.09 unit per 106 cells (range, 0.38-0.54), 
w hereas mean catalase activity was significantly lower to 0.45 :':: 
0.26 unit per 10c' ce ll s (range, 0 .15- 0 .5; p < 0.001). Consequentl y. 
the ratio of units of SOD to units of CAT was 1 (Fig 1). T he 
evaluation of the anti-oxidant enzyme activity in the e rythrocy tes 
of the same patients showed values comparable to those of a control 
group (Table I). 
In measurement of lipophilic anti-oxidan ts, the vitamin E con-
centration in NMs was 1.69 :±: 0 .33 ng per 10" cells and the total 
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Table I. Erythrocyte SOD and CAT Activities Are 
Comparable in Control Subjects and Vitiligo Patients 
SOD (units per g of hcm oglobu lin ) 
C AT (units per mg of hemoglo bin) 
a V :rlu cs rcprcscur the ru can :t SD. 
C o ntro ls 
(n = 20) 
S(il) ::.+: 35" 
302 ::.+: 35 
Viriligo 
patients 
(n = 1 0) 
580 ::.+: 25 
327 ::': 65 
ubiquinon e was 3 . 9 ± 0.1.2 ng per 1 0" cell s (Fig 2). In con trast, 
VMs showed a hjgher vitamin E level (3.75 ± 0.8 ng per 10'' cells; 
p < 0.005), whereas the ubiquinone con centra tio n was lower 
(1.78 ± 0.8 ng per l Or, cells; p < ().00 5) (Fig 2) . No differences 
were detected in the ratio of ubiquinolol to ubiquinone between 
NMs and VMs. 
Increased Sensitivity to Peroxidative Agents of VMs C ul-
ture for 24 11 in m edium w ithout FBS did not sign ifica nt ly alte r cell 
viabili ty, even though cell growth was red uced with respect to 
control s in both NMs and VMs (Fig 3). At the conce n tratJons of 
C UB used (0.66-20 J.J..M), the cell number and viabili ty of NMs 
were comparable to those of non-treated cell s afte r both 1 and 24 h 
(Fig 3) . Even in V Ms, cell viabili ty was comparabl e to that. of 
control cul tures after a 1-h tre<Jtmen t at the lowest concentJ·atlOn 
used. At 6 .6 p.M ;md 20 /LM of CUI-I, however, a cytotoxic effect 
was observed in 3 of 10 cell cul tures, and in th ese cell s, CAT 
activity was the lowest detected. Correlated with the concentration 
of CUH, treatment for 24 h indu ced a reduction of ce ll viabi lity in 
all the VM c ul tures that was statistica ll y signi fi cant at 6.6 J.J..M and 
20 J.J..M (Fig 3) . T h e sensitivity to the external perox ida tive age n t 
seem ed to be dependent on the imbalance of the anti-oxidants, 
beca use the correlation between the ratio ng of vitam in E to units 
of CAT and cell viabi li ty afte r a 24-h o·eatm ent w ith CUH at 20 
/LM was hi g hl y sig ni ficant (Fig 4; p < 0.0001; r = - 0.954) . 
DISCUSSION 
T he pathogen ic events underlying melanocyte damage in vitili go 
have not been compl etely clarified ; however, in 1itro and i11 JJi11o 
data suggest a free rad i cal-media~e~ mechanism _. Previous r~~~rts 
have shown reduced catalase act1v1ty 111 the eptdennts of VltJ ltgo 
patien ts, even though the va lues have been significa n tly influenced 
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Figure 2. Lipophilic anti-oxidants arc signiftcantly a ltered in VMs. 
NMs (n = 20) and VMs (n = 1 0) at the fourth or fifrh passages were 
extntctcd, vitam in E (Vit E) was analyzed by gas chromatogntph y mass 
specttomc try, and ubiquino ne (UB I) was anal yzed by high-pcrforma•.•cc 
liquid chromatography as reported in Malerinl.< a111l Methods. Error /Jars, SD. 
"* p < 0.001. 
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F ig u re 3. VMs arc susceptible to the toxic effect of CUR. Cells 
("I 00 X 1 o' cell s) Wt:re plated in 24-wellpla tc ;tnd incuba ted with 0.6 J.LM , 
6.6 J-1-M. or 20 p.M CU H . Viab ility was eva luated by trypan blue excl usio n . 
•• NMs treated for 24 h in medium without FI3S; 0 . NM s treated for 1 h 
and then cultured for 24 h in complete medium ; J;.., VMs treated for "I h and 
then cultured for 24 h in complete m edium ; T, VMs treated tor 24 h in 
medium w itho ut FI3S . Error bars, SD (n = 3 experime nts in tripli cate). ** p < 
0.005 ; *p < 0.001 as compared to NMs va lues. 
by the presence of keratinocyt<:s, as the m easurem en ts we1·e 
performed o n the whole epidermis o btained fi·om a suction bliste r 
(Schallreuter et a/, 1991). Our data show th;Jt melanocytes from 
vitiligo patients, as compared w ith NM s, possess an im ba lance of 
both enzym<tti c and non-enzym~ti c anti-oxidants detectable as 
no rmal SOD and red uced CAT activities, decreased ubiquinon e, 
and in crea sed vitami n E concentratio ns. 
The imbalance of anti-oxid ants detected in VMs co ul d be either 
the source or the con sequen ce of peroxid ativc dam age of the cell s. 
Generation of reactive oxygen species and lipoperoxides is associ-
ated with a decrease in the an ti-oxid ant levels in the skin (App le-
gate and Frenk, 1995), and products of lipopcrox idation could be 
possibl e pathogeni c h1ctors in hypopigm en ta ry d iso rders other than 
vitili go (Nord lun d and Abdel-M alek, 1988; Picardo ct a/, 1991; De 
Luca el a/, l 996). CAT is a lwme-containin g enzyme and is 
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Figure 4 . In VM~ the sensitiv ity to CUH is correlated to th e 
itnbalance of anti-oxidants. T he lin ear regressio n curve betwcc~l the 
ratio of ng of vitam in E to uni ts of CAT and viabi li ty afte r a 24-h treatment 
with 20 tJ.M CU I-I in VM s is shown. r = - 0.954; p < O.OOO l . 
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susceptibl e to peroxidizing substances such as hydrogen peroxide 
itself, organic hydroperoxides, and UV Light (Halli well and Gut-
teridge, 1989) . Both biochemical and histologic fmdings suggest 
the presence of toxic levels of peroxides in the epidermis of vitiligo 
patients (M.oellman el. a/, 1982; Scha!Lreuter ct al, 1991), and the 
production of a localized burst of hydrogen peroxide ha s been 
suggested as the consequence of alterations in tetrahydrobiopterin 
and catecholamine biosynthesis (Schallreuter et a/, 1996). 
We were not able to establish w hether the decrease of catalase 
was du e to an alte ration in protein synthesis or in enzyme activity; 
however, the m easurem en ts perfo rmed in erythrocytes fi·om the 
same pati ents showed va lues comparable to those of controls 
(Table 1), suggesting that the low CAT activity in m elan ocytes 
represents the end point of a specific m etabolic impairment rath er 
than a systemic al te ration. 
T he correlation between the imbalance of an ti-oxidants and the 
sensitivity ofVMs to CUH (Fig 4) suggests that the imbalance was 
the basis for the toxic effect of the peroxidiz ing agent. Anti- oxidant 
enzymes operate in combination: SOD dismutates superox:ide 
anion radicals, generating hydrogen peroxide and oxygen, and 
CAT has been reported to be the main enzyme in volved in 
removing H 2 0 2 in melanocytes (Halliwell and Gutteri.dge, 1989; 
Yolm el al, 1991). When the ratio of activity of th ese enzymes is 
altered, hydrogen peroxide can accumulate in side the cells, gener-
ating hydroxyl radica ls via the Haber- Weiss reaction, leading to the 
pero,_-idation of cell membranes (Halliwell and Gutteridge, 1989) . 
ln V Ms , the decrease in CAT activity was associated with higher 
vitamin E concent1·ations that could represent a compensatory 
mechan ism adopted by the cells to prevent or reduce the damage 
due to the generation of reactive oxygen species. T he low concen-
trations of ubiquinone detected, however, suggest an impairment in 
the recycling of tocopherol. Vitamin E, in fact, is a chain-breaking 
anti-oxidant that termi na tes free radical-mediated peroxidation, 
producin g tocopheryl radicals, and is regenerated by the oxidatio n 
ofubiquinol (Mukai e/ a/, 1990; Ernster and Beyer, 1991). T here-
fo re, we can speculate that in VMs, afte r exposure to an extern al 
oxidative stress, the concentrations of reactive oxygen species 
increase and the lipoperoxida tive process can go on to produce cell 
membrane da1nage . 
Our results provide further support for the presence of a 
metabolic abnormaLity iu VMs and fo r free radical-mediated dam-
age as the main pathogenic event in m elanocyte degeneration. 
Moreover, it is possible that VMs may reach a different level of 
equilibrium of an ti-oxidants because of a continuous peroxidative 
process. ln line with these resu lts, we have recently reported the 
therapeutic effect of systemic administration of a group of anti-
oxidants in patients with progressive disease, and the topical 
appl ication of pseudo- CAT and calcium has been proved to be 
effective in vi tiligo subjects (SchaUreuter et al, 1995). 1 
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